Climate change science has had a turbulent year. After the stalled UN negotiations in Copenhagen last December, there are many hopes that things can begin to move forward at the meeting in Cancun, Mexico, next month to help develop a replacement to the Kyoto protocol which expires in 2012. But there are certain to be further battles ahead. The United States' chief climate change negotiator Todd Stern was in Beijing last month seeking to narrow rifts over the basis of a new agreement. China is now considered the world's largest emitter of greenhouse gases having overtaken the US, the world's second largest emitter and long the world's largest.
Stern has led the US push for China to accept firmer international emissions goals and monitoring, while Beijing has countered that Washington has failed to take serious steps Features against climate change and is instead making China a scapegoat. China challenges an internationally binding limit on its greenhouse gas emissions as unfair, because it contributed less to the problem historically, its emissions per capita are still relatively low and it needs leeway to grow its economy.
And Two members of the sceptical Global Warming Policy Foundation headed by Britain's Lord Lawson, lobbied the Royal Society to update its short guide to climate science for the public. Their goal was not to alter the scientific conclusions but to reframe the advice. The old guide was written as short, clear answers to a series of common arguments made by climate change sceptics. So the Royal Society has done just that. But its more detailed and carefully balanced approach may not appeal to all.
"Changes in climate have significant implications for present lives, for future generations and for ecosystems on which humanity depends. Consequently, climate change has been and continues to be the subject of intensive scientific research and public debate," it cautions.
But it does not hesitate to highlight the potential role of humans. "There is strong evidence that the warming of the earth over the last half-century has been caused largely by human activity, such as the burning of fossil fuels and changes in land use, including agriculture and deforestation," the report says.
But the report emphasises the difficulty in assessing the outcome of these changes. "The size of future temperature increases and other aspects of climate change, especially at the regional scale, are still subject to uncertainty. Nevertheless, the risks associated with some of these changes are substantial. It is important that decision makers have access to climate science of the highest quality, and can take account of its findings in formulating appropriate responses."
The report was driven by the ongoing public and political debates The report also goes back to some basic details of the earth's climate. "Satellite observations show that about 30 per cent of the sun's energy that reaches the planet is reflected back to space by clouds, gases and small particles in the atmosphere and by the earth's surface. The remainder, about 240 Watts per square metre, when averaged over the planet, is absorbed by the atmosphere and the surface."
To balance the absorption of this energy from the sun, the report says, "the earth's surface and atmosphere must emit the same amount of energy into space; they do so as infrared radiation. On average the surface emits significantly more than 240 Watts per square metre but the net effect of absorption and emission of infrared by atmospheric gases and clouds is to reduce the amount reaching space until it approximately balances the incoming energy of the sun."
The surface is thus kept warmer than it would otherwise be because, in addition to the energy it receives from the sun, it also receives infrared energy emitted by the atmosphere. "The warming that results from this infrared energy is known as the greenhouse effect," and the source of so much global political focus that will be highlighted in Cancun. But the report emphasises current uncertainties. "In principle, changes in climate on a wide range of timescales can also arise from variations within the climate system due to, for example, interactions between the oceans and the atmosphere," it says. It calls this 'internal climate variability'. Such internal variability can occur because the climate is an example of a chaotic system: one that can exhibit complex unpredictable internal variations even in the absence of the climate forcings.
There is very strong evidence to indicate that climate change has occurred on a wide range of different timescales from decades to many millions of years; human activity is a relatively recent addition to the list of potential causes of climate change, the report says.
The nature of the climate system is determined by interactions between the moving atmosphere and oceans, the land surface, the living world and the frozen world, it says. "The rate at which heat has moved from the surface to the ocean depths is an important factor in determining the speed at which climate can change in response to climate forcing."
Measurements suitable for showing how surface temperature has changed with time across the world became available around 1850. "Analyses of these data, in a number of institutes, try to take into account changing distributions of measurements, changing observation techniques, and changing surroundings of observing stations."
And the report is insistent on the changes that have occurred, countering sceptics. "Measurements show that, averaged over the globe, the surface has warmed by about 0.8ºC with an uncertainty of around 0.2ºC since 1850. The warming has been gradual, but has largely been concentrated in two periods, from around 1910 to around 1940 and from around 1975 to around 2000. The warming periods are found in three independent temperature records over land, over sea and in ocean surface water. Even within these warming periods there has been considerable year-to-year variability."
Most markedly, the high-latitude northern continents have experienced greater warming, and a few regions have experienced little warming or a slight cooling.
"This warming trend is expected to continue as are changes in precipitation over the long term in many regions. Further and more rapid increases in sea level are likely, which will have profound implications for coastal communities and ecosystems," confirming the worries of low-lying countries such as the Maldives.
